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FOREWORD

This publicatgggaﬁ;ééﬁ ﬁééﬁaféd under contract
by the UNITED STATES JOINT PUBLICATIONS RE-
SEARCH SZRVICE, a federel government organi-
gation established +to service the translation

and rescarch needs of the various government

departments.
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[Following is. the translation of an artiecle .

by V.V, Fedynskiy in “Astronomiya v SSSR za -

. 'Sorok Let, 1917-1957- {Astronomy in the
Q;Over“FbrfyAYears.‘191741957), Moscow, ‘Fizmat-
‘giz, 1960, pages 175-1854/ I

1. ‘The Developnent of Neteoric Astromomy in =
Lo e Te R

©~ 7 In thé forty yesars since the Great October Socialist
Revolution, the science of meteors, as all of the natural -
sciences in the Soviet Union, has been developing inten-
sively. ... - . . T e R T
.. Metedrs are defined as cosmic substance in a frag-
mented snd pulverized state. At the present time the study
 of meteors is attracting the attention both of astronomers
and‘geophysicists.<' The astronomers study meteoric matter
in connecticn with important problems involved in the struc-
ture end evolution of the solar system, as well as the pro-
cesses of sccretion and disintegration of matter within it.
In additicn to this, astronomy is directing ever greater
-~ attention to the dust material in the Galaxy, viewing it
‘along with the masses of interstellar gas either as a R
destruction product of existing large celestial bodies, or
as o possible "matrix medium" for the birth of new universes.
'The.geophysicists,1ook‘upon‘meteors‘as?cosmic bodies whose
irruption into the upper layers of the earth's atmosphere
affords’a means of studying the physical properties of these
layers, and also ¢f observing air currents at high altitudes.
. .In addition to all of this, the meteors significantly
affect the state of the upper ionized atmospheric layers,
while the precipitation of fragments from destroyed meteoric
bodies on the earth's surface 1is continuously increasing the
mass of our planet.  Ac¢cording to the latest available data,
- including those obtained with the aid of high altitude
rockets‘and”artificial'earth'satellites;ithe daily increase
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in the esrth's mass as a result of the precipitation of

is oh the order of hundreds of tons. :
... - After the launching of the Soviet artificial earth
satellites and Soviet cosmit rotkets had opened a new era
in the history of the human rate - the era of space con-
quest, the metears are attroeting the attention of re-
searchers as a medium in which the motion of artificial earth
satellites and interplanetary rotkets takes place.

Scientifie interest in meteors has grown considerably
over the last several decdadeg, ~“This fact explains the pro-
gress in the field of meteorit astronomy in many countries,
in particula&“andxespecially*in the USSR, 0 i ™o
: Up until' the middle of the nineteenth déntury, astro-
nomers téhded.to,ﬁegardsméﬁeorsfaﬁ_afcuriqsity.ﬁnghe only

meteoric matter

recordsof~metEOrihxphenpmenaihaVing'SCiénfificisignificance
were made incidentally in warious ehronicles-and -hHistori-
cal writings. In 1832, an amateur astronomer in the city
~of Kursk by the name of F. Semenov, suggested a hypothesis
on the connection with ‘comets of meteors. in the Leonid stream,
whose asbundant appearance was: first observed by him in
,Russia.,',In,187%-1894.'the great Russian astronomer F.A.
Bredikhin 1aiduthe?foundations'of-our-nationalecometary and
meteoric_astronomyml~aHeiorganized meteoriclebsérvétions-at
MbSCOW'and,Pu;kovo,,and'developed!bold'and original views..

as to the disintegration of conmets and the formation and
evolution of meteoric streams, "His works in the: field of
meteoric astronomy -constituted a major contribution not: only
to Russian, but slso to World science.: .Later, V.K. .
_ Tseraskiy,,P.Kq‘Shternberg, I.I. Sikora, S.P. Glazenap, .-
G.A., Shayn, S.N. Blazhko, an&fother,sgientists-wprked{suc:;
cessfully in the field af meteoric astronomyp,“‘These stu~--
dies prepared the ground for the extensive~development_of o
metecric astronomy in the USSR»after,the'GreatTOCtober '
Socizlist Revolution. T o

~ During the pericd from 1925 to 1941, research in the

field of meteoric astronomy began to develop, sporadically at
_‘first,. and then ever rmore systematically at the following
Soviet scientific institutions: at the State Astronomical
Institute imeni Shternberg,~the”Institute«of;Thebretical'
.Geophysics of the USSR Academy of Sciences in Moscow, and -
.:at_the,Leningrad,aTashkent and Stalinabad Observatories..

. Soviet researchers have. gone over to the planned organiza-

tion'ofAscientiﬁic&research'inpmeteoric astronomy, developing
. the theory and méthods.offobservationjinwa,field‘of astronomy
. which et that time had not yet reached a high state of devel=
...opment. ‘_Amateur*observations;.whichAare«of a definite . .
scientific significance in meteoric astronomy, were conduc-
ted successfullyaat.thefﬁll-Union,Astronomical—Geodetic-ar.
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" Scientifié ‘ties among Soviet meteor speciallsts: began
to.deVelop;igjl92ahatvfirstlin,théfform’pf“collQQuia, and -
'later;in‘the?formﬁpf'cbhféiEnces“bnibometary‘aﬁﬁjmeteoricf .
astrqnomy,{,'There”were;three-such'conferénﬁé3§prior;to?the
start -of -the Second World War = ih 1935, 1937, and 1939, i

' In=l937.;a”CommiésiQh;on“QometsgandvMbteQrs:Waéfgﬁeatedgwithin :
thehframework;bf,thejAstroani¢a1@Cohﬁcii of 'the USSR Academy
of Seiences; this ageney is the co-ofdinating centér for

scientific work beirng carried on by organizations ard in-
dividuals-in this field. - The number -of published’ scientific
works on. meteors, which appeared largely in the Soviet scien--

Sogiety. .

ctific peﬁibdidélS; hav9»grown<con3iderably.?J&The“nepresené

ttatives of Soviet meteoric astronomy weré admitted into the
'Commission on Meteors (No 22) of the International: 4stro-

lnomical‘Union;‘_iIn;addition to this, Soviet specialists on
meteors have established intérnational scientific ties. :

© . The basic.trends of Soviet research on meteoric astro-

‘nomyﬁpripr'tdfl9&l were the following: ‘the thorough develop-
lment_ofAmethods‘£0r_the'visual‘and‘ hotographic observation

. of meteors (V.4; Mal'tsev, N.N. Sytinskaya,’'I.S. Astapovich,
th.P.%Sbanuykovich);_'the'develOpmént.of.the‘theory'of‘meteor |

penetration into the earth‘s_atmOSphere?(V;G.*Fbsenkov;ﬂ‘;-

‘N.M, Shtaude, V.P, Vetchinkin, B.Yu. Levin)j- the study of

the physical properties and -air currents in the upper atmos-
" ‘pheric 1ayer§~(I.S;1Astapovich;VK;P.-Stanuykovich.uV.V;ﬂg

- Fedynskiy); the study of the effects of meteors on the state

- of the icnosphere (N,A, Ivanov); the study of the astronomi-
“eal-conditions' of meteorite precipitation (L.A. Kulik,

. Ye.L, Krinov)j the study“of<cosmic‘probleme1‘the-Structure

© . of meteorie streams, the connection between comets and =
meteors, and the evolution of meteoric streams (8.V. Orlov,

Vb, Mal'tsev, T.V. quOpranova;VI.S.jAstapoVich);* It

. should be realized that this brilef 1ist includes only the main
research trends and the names of a limited number of 0

- gelentists., . o - : R T TR
. The war which began in 1941 interfered with the devel-

~opment of meteorie ‘astronomy, as happened in the case of

" many branches ¢f natural science whose results cotld not be

directly applied in the heroic arms struggle of the Soviet
. People against the foreign invaders,’ The war was-Trespon-

. " gible for the destruction of a number of 01d ‘astronomical
..  genters and forced the evacuation of some scientists to the
=+ East, 'jMeteor,specialistS'GgO.'Zateyshchikqv,1L.A;;Kulik,
. ‘and B.M. Mashbits fought*SelfleSsly_in'theﬁfrontvlines and
- gave thelr lives for the viectory of the Soviet People, ” -

" K.4&. Voroshilov died of ‘a serious illness while working in -
one of the défense industries. Soviet scientists will
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always preserve a warn rememberance for these war victims,
'DeSpite:these,difficulties,and losses, meteoric as- .
tronomy in'pur'countryrcontinuéd1to,devel‘p;’sin¢e Soviet. .
people believed firmly in théfrighteopSQeSSQand.finél'victory““
of’the’causewofnthe;Great‘OptoberjSo¢1éli$t“ReVQluti0hl}q*“
During the years of the Second WerdJWafg‘SQVieﬁ sbientists .
- “undertook several new research prqgrams‘infmete¢hié”asy-gu¢f1i
“tronomy snd created new research‘denterSfat,Ashkhabadfan&q¥ ;j
Blma=bta, © oo O
0 After the end of the_Second]Wbri@gMar,‘the-developﬁ’ Lt
‘merit of studies in the field Of5metéériCjagtranmYQbégan:to]m“

“‘move forward at an aééeleratéd'péceg;;_InisEVQTal yesrs, the .
pre-war level Qf;Scientifigfwork‘infthislfiéld was regained,
and then exceeded, . By the time of the fortieth anniversary
- of the Great 0¢t0ber,ﬁocialist_ReVOluti¢n. Soviet meteor ..
scientists along With‘theﬁentifé'soviet_scientifibjqumunityjj
were alréaﬂyﬁengaged;inﬂeffgpts[ﬁoifindgthe[solutianftbfﬁheffi
_problemgd£TQVer§akihg<and Sﬁppéséing'the‘level'Of,Worldifjgfjg
D vel o6 WOILS i

T 0f great

Aenoe, - ireat Impottance was the soncentration of vork ot -
»severallsciéntific*réseérCh’inStitutes;'Which serigqusly took

“up the problems of meteoric astronomy in the post-war years.

-~ In the first'plaQeﬂin'thisjdonnectiqn;*one‘shouldf.
mentidh-theTStalinaBaq Qbsérvatcry.'now_thé.Astrophysic§:~. A
'Institute'cchadzhik”SSR;ACadémy Qf¢SQiences;"1Qrganizedfin .
1932, the:Stélinabad‘Astronomigal,Observatory became con~ .,

cerned with the study of metedrs'as one of its ‘main sclen= '
tifib“objectives;aqungl938;'the first Soviet meteor tracking
station ‘was .set up at this ‘institution. Over 'a period of -

- meny yecrs; the director Cffthe:Observatory,'A.V. SoloV‘yev,
devoted @ great deal of attention to the organization of work
on-meteoric astrcﬁomygp'”The.meteor study team in Stalinabad = |

(P.B. Béb&dihanov,”L.A,jKatasev,“A;K,JSosnova; AM, o7t
Bakharev, V.I. Ivannikov, andzothers)‘workéd;intensély'QS‘
pecially in the postéwar,yéars‘f,iIn-l956;“theﬂ8talinabad:

. metecr tracking station was’cénsidézably'imprqvedVin'accdré‘- 
. dance with modern-réguirements, In,addition to'ﬁhe,COnstrudj
tion of a suburban obserVation]statiOn,'mgtebr'studiés,byv_,j"
redar techniques were 1nitiated,.Y_Aswajresult,of’theae -
aavances;,thé'AstrophVSichInStitute of the Tadzhik SSR .
A¢ademy dijcién¢e§ipneSently ogcupiesvafleading‘pdsitiQn“v
"Win'theﬁfield[of meteqric_astronomy.f' U R
o »'LnAthher‘benter_for'meteorjstudies was "organized -at ‘the .
Physics,ﬁndeéOphySicsyInstitpte.ofmthe$Tgfkmen,SSR‘Apademy o
of‘Scien@es}iﬁ:A8hkhabad$infl9%2;'i,AfmajOr1c¢htribution‘t07*;
the creation and theadéVélOpment,Of'Scientifinresearch'atj"““
“thisfinétitutibn‘waSjmadQ;by:T;SJSAstapoVich;;;ﬁThe’stafffOf;;

w:iﬂ&f;




the AstrophysicalfLaboratory of;ﬁhegfhéﬁitutéf(fé;Fé!: 
Sadykov, Kh.D. Gul'medov, V,V. Belous; &P, Savrukhin,

- and others) is pursuing ‘many aspects of meteor research by -
- means of .visual and radar techniques, it the 1t ti
the staff is beginning to familiarizé ftself with work at

At the present time,

- the new observatory -constructed ih 1957L1958iin*the'vi;lage
of Vannovskoye (near Ashkhabad), - - : T i

oo Comfler meteor studies by photoéraphibfénﬁ?radét{: o
methods were: initieted in 1957 in the Ukraine, - The Odessa

~University ObserVatoryi(V.P;‘TséSevich. Ye.N, Kramer,’ and. .

others) organized: the Special meteoric station of Mayaki at
‘the?mouthjqu$he,Dnestr River. . The Odessa meteor trackin

-station was considerably improved during the years 1956~ -

1957.: The Kiev University Observatory (4,F. Bogorodskiy,
V.P, Kcnopleva, and“othersg organized meteor stations at
Tripollye and Lesniki on the banks of the Dnepr River,  The
Ukrainian astronomers are devoting the greatest attention i

to phctographic observations of meteors,

- . Radar methods” for meteor - studies within the last few

- years have been déveloping at the-Tomsk Polytechnic Institute

(Ye.I. Fialko, E.K. Nemirova, G.S. Zubarev, and thers), at
the Engel‘gardt'Observatory’(K.V.‘Kostylev. Yu.A, Loshchilov,
Yu.£. Pupyshev, and others), and at the Khar'kov Polytechnic
Institute (E.L. Kashcheyev;'I.F."Lysenko.iB.S.‘Dudnik, B
V.F. Chepurs, M.F. Lagutin, and others). “~Especially great
successes-in this direction have -been achieved by ‘the team _
of resesrchers at Khar'kov. Lo T ' '
- The problems of meteor penetration into the earth's
atmosphere are being investigated ‘at the Applied Geophysics
Institute of the USSR Academy of Sciences (L.A. Katasev,

..SsM. Pcloskov), while the quantitative aspect and distri-

bution of meteoric matter in interplanetary space is being

- 'studied at the Earth Physics Institute of the USSR Academy
- of Sciences (B,Yu. Levin,- 8.V, Mayeva). - The astrcnomical
~‘ecnditions of the precipitation of 1argé’metédrites‘onvthev‘
~earth are being studied within the ‘scope of the Committee on
-Meteorites of the USSR Academy of Sciences (V.G. Fesenkov,

Ye.L°‘Krinov;‘A.A;‘Yavnél';’I.T;'Zotkin;fand others), )
- The development cf meteoric astronomy in the USSR
during the post-war years was also reflected in the level
of amateur astronomical observations of méteors. In 1950,
a grcup of young amateur astronomers in Simferopol! created

- a-continuously functioning meteor stations meteoric obser-~

vetions £t this facility eare systematically carried on:by:

amateurs from the Simfercpol' Branch of the (A11~Union
Lstronomical-Geodetic Society,

. ‘as well as by visiting .sma-
teurs from the Moscow, Sverdlovsk, Ryazan', and other



branches of the Soegiety. - ,

: The mutual intercouﬂse of Soviet meteor specialists’
became more lively: during the post-war era, The Commission
on Comets and Meteots. of the ‘USSR Academy: of .Sciences: R
Astronomical Counéil hel vits-glanan##seésith'IV#VII,in'l95l

(Kiev), l952,(§tél§ﬁébad:,'195 and 1957:-(0dedsa).. - The ¢
plenary,meebingé«éitthe“CommiSSidn*attractedalarge numbers. of
‘partieipants (up %0 100 and more). - - These cornferences aided
in the;develqpmenﬁgof:general researcbfplan$~om;a:hationWi&e
scale, and stimulhted the activities of separate scientific
institutions :in the field Qf'meteoric”astqugmxgﬁ.*The non-
periodic..publication of-a Bulletin .of the Commigsionon -t ~
Comets anduMbteorngasabegun_in'1951.a-:ThéregwaS‘likewise:a'
Sharp;increasefin<the:number-of published wbrks“onwmeteoric*
astrOﬁomy;appearing in the periodic;press;ﬁ,\Aﬁnumbér;of>=ﬁ
monographs -on. meteors was published during*%he-pOStﬁwanp%Y:
YQayg.gj;TheuclasSic'works of-F;A;:Bredikhinwwerewreissuedf
in an edition edited by A«D. Dubyago,wr'axzzf;v,uinﬁufi R
. ,ﬁoviet;meteon;spgcialistthave.considerably‘exphnded{
theiryties;withcforeign scientists.gprnrl95H;zteningraa was
the scene of an International;Symposium.onvthehProblems#of“’
Cometary’ and: Meteoric Lstronomy.:: . Soviet scientists’also .
-tquypart-inpthe.international Symposium'on‘MeteOrSfineﬁfaxﬂ
Manchester (England. 195%), in the International Conference
~on the;Stpdy‘of-InterplanetaryfMatterwatrJena?(German;.f
D@mograticnRepub1103,1957}. and visited the meteor;obsers=.
vatory of the National Research Committee: in Canada (1957).-
I Foreign~meteornscientists~fromvczechbslovakia,n '
Bulgaria,  the German Democratic Republic, Great Britain, .
France, the U.S., Canada, Japan,'Sweden;_Australia,‘anﬂ:New
Zealand, have visited the Soviet Union: in the post-war years,
taking part, in particular, in various conferences-on S
meteoritics, the:meetingsuof,the'Commission on.Comets ahd.
Meteors, as well as the General Assembly:of the International
Committee on the International GeophysicalﬂXear:and:the o
Tenth'International»Astrongmical_Gongress.c,“Thus,:the;devel-

opment of Scviet meteoric astronomy after the war, especially

over the very last few,ygars,,took:place;under conditions. of
ever egpanding contact among Soviet and foreign seientists, .

'3WEXpéfiménﬁéliéﬁgdieé,éf‘ﬁeteérs in the USSR are con-:
dueted by'visﬁél,:phoﬁograpnicvand radar -methods. In -

additiod to this, there have been sporadic attempts made at- -

employingymagneticlmeaSurements..the;ra@iation emitted by: -
metedrs, anq.gtherbpossibilities in this area, - -~ . i 7
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- {‘Visuél;bbsérvatidhsﬁofﬁméteofs%hé§é,beéh widely em=

ployed in the USSB.r”rof;espeéiallm;great;Value:are;the‘
wappfoXimatelyiQQ;OOO;Qbservations<Carxied-out by TiSe o
- Astapovich and his assoeclates. accordlng-to a speeial =

maximal programﬂundsr:bonditionSgofaan;almost,constantlY“wf;

clear and‘transparehtiSKy’at,Ashkhabéd*(l9¥2—l952).

Visual“bbSérvation'errors_Were~studied;in the laboratory
and directly by means of thé observational materials;’ - this

‘permitted thedelineation of eriteria for,tne;prgcessing-Of

L)

observational résults. I N
Cob DeSpite%thﬁlconsiderable.Systematic‘andfiﬁcidental

errors of visual meteor observations,<theﬁpOSSibilitﬁés?of

this type of work are extremely varied and have ‘not.yet:been
exhausted: even' now with the advent of instrumental research
techniques. ~ Comparatively simple visual observations in-

- conjunction with instrumental methodS'afford‘imertant sup-
.. plementary information on meteors,vuAThe,systematic:organif
‘zation of such observations, including the participation of

amateur- astronomers, -is still a timely endeavor from the

scientific standpoint. .. T I
... Telescopic visual observations of meteors have re-

ceived ccnsiderable development in.the USSR, particularly

 in connection with the wide distribution of short-focusing,

single lens-power instruments desighed for observing arti-
ficial earth satellites. = The simple methodology involved
in these:observations has been described in a number of

works. - Such observations have given valuable data as to.

. the quantity and altitudes ofﬂmeteors‘of.6-9 stellar

magnitudes. L e e o . AR

.~ The photographing of meteors in the USSR has been
going on since 1932, when the firstidetérminatibnsrwere”made
of the velocity deceleration of a bright meteor according -
to a photograph obtained -by means of an. obturator. In
1938, the first meteor tracking installation consisting of

- four aggregates with 28 short-focusing cameras each was in-

stalled at the Stalinebad Observatory, ~ This installation

~was used for many years in the systematic photographing ‘of
meteors, until its replacement in 1957 with a new and im-
- proved. facility.. o Sy B - =

® In 195¢. the designing bureau of the USSR Ministry

. of Higher Education and the "Kinap! Factory created under:

the direction of Ye.N. Kramer a standard.tracker, which . -
satisfied modern requirements and featured comparatively

~simple design and inexpensive optical components.,  Four .

- -such complete trackers had been installed by the start of:
the International Geophysical Year. at the observatories:.in
‘Odessa, Kiev, and fAshkhabad, ; Each:trackerfconsists:of'two

I
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fixed aggregates installed at the ends of a 25-40 kilometer
base line.. Bach of the two aggregates in a patrol combi-’
nation has four single lens~-power photogtaphic¢ cameras with
F=1l: 2.5, D = 100 millimeters,VWithmautomaticgplate trans-

* port on“affilm?folii'andﬁfgéturiné”automatié,Shhtters and

printing_chrbnogrgéhS”for'the_préhng;jecordingjofthmgnts
of @peratidn”With'thé;camerHSQJTIOne,Of”theiaggresate§=is
supplied with anfobtu:atqr,Wit 1a_var1ab1e\¢rqss-section,

vahe and ﬁreéisi¢hﬁ§dntrdltméqhanism'ior-regﬁlating th¢,speed
of obturatoffrbtg'idn;ﬁ““"j,'; R P P
e Methodologisal problems of meteoric photograph: pro-
vmféesSingaéréFdeSinbédgia:phefmonograph'df L.@Q}Katagev,'and

- 8186 in & nudfber of articles. “Many of the :results.obtalned
in thtOéraphic.meteorUobservatians;;iﬁcludingfphptometric
fﬁﬁddies;ihéve:élﬁeé&yfappeared7in[print;4_jﬁl;”gﬁ g

. i “‘Photometric stuﬂiés“offmeteoric‘photograpﬁsﬁreqpired
"tthé~deVé10pménp*ofgtedhniques fofgmeasuring;ﬁrightnesgﬂwhich

’ﬂﬂwould,takéfihﬁofipgdunﬁﬁthexdifféring-V619¢ifi$5§9$7PhQ~00m'
‘parison - stars and thé‘mebeors.f[jALSpeciaI,faqility,fqr,the

 measureément of photometric meteor"imageslon.phdﬁ¢grgphiq

- 'ylates was constructed 'at the Stalinabad Observatory. =

.ot Meteor spectrograms are obtained with .the aid of .
shﬁrtAfbbubing;lbw-diépersion”prismatic,camsras;v;¢Alkgof .
the spectra studied so far belong. to the stony class of -
metecric ‘particles. -~ 0 o ¢ R R AR T LI
S TV Within Tecent years,. the observation of meteors by

radio méfhods‘has;assumea§extremelyggréatlimpqrtance;ii‘one

. of. the outstanding achievements in this, area was the appli-

~cation of radar in the obsefvation of the star. shower caused
by-the appearance of the Draconids in 19473 -om this. ..

. ocecasicn, it turned out to’ be possible to: trage the maximum
of the-phenomehon,after'sunrise”in'fhll"dayligbt. T TI
The study of changes in the state of the atmosphere

iﬁ“connéctiOn“with_the;penetration.Of'meteorsitherein-was
.. initisted in the USSR as early as.in 1930, continued in:1933
during the Draconid star shower, and went on in the .post-war
years.as-well.ﬂ;.ThelactiVities'in‘this‘area;inclpdedjthe
observation-of sudden’ cessations in radic communications:and
-:specigl*radioﬁngiseS“duringAméteor lights, the registration
jof*the'1ou&qéss*ofLreception_at,remotéjradio stations, .
jonsspherie ‘probes, ‘as well &s the study '¢f variations-in the
gecmognetié field, o v T S A S

~~ Rader observations of meteors”undefwent;especially
greétﬁiévelopmeht$dgringfthewtime“ofﬁthégIG¥§(Internatiqnal

E hyeiorl Vear).  Meteoric observations by means of radar -

gecoridingtoithe IGY program were carried out at the -
Letrenomical Observatory of Kazen' University, the Khar 'kov

3&13§¢9hnié;1ﬁ$titute;'tﬁe’IQmsk_POlytechnic Institute, the

'hgflvﬂ




from meteoric tracks, ete.  The observapiofis were ts
out dnjdaySﬂSpééified'infthe‘IGYFihternaﬁicnalfﬁaIéhdaﬁ;;"

" gonducted during

hstrophysics Institute of ‘the Tadzhik SSR Academy of Sciences,
“'the Physics and Geophysics Institute of the Tyrkmen SSR . ...

v 1Y

- Academy of ‘Sciehces, the Astronomical Observatory. of the

‘University of Kié@,'ahﬂftpéflét%ondmical'ObSeréﬁofy*Qf'thé
- University of Odessa. o . & -, ~': ‘% O I

. The'IGY prﬁgfam_dnfmétedric,aptivity=$tﬁaies in- °
cluded the registpation of the -number of meteors on fixed
wavelengths of W;2 meters and 8.l meters; thé retordings of
the time of meted®’ appedarance, the duration o eflettion

“wWere garpied

as
well as on:supplementary, (control) days = onhge in every kgt
day period. ‘. Measurements .according to the IGY program were
sondug the period from 1 July, 1957, -through.31
Detember, 1958. @ . ‘ ORI AR

. The humber of fefléctibns from'metéoriéiéraéké re-.

iggiétéfédfoﬁ the 4,2 meter wavelength on the equipment used .

,‘Variédffrém;$QVér31'reflections up to 400-500; - the: analagous
‘range of variation for the 8.1 and 10 meter wavelengths was
-from’ 600~1000 'to' several thousand. - The number. of ‘prolonged
" reflections (t>1 second)differed on various days. . In" =

..general, the number of such reflections observed.on the =

i

kf 4,2 meter wavelengths was 10-20% of the‘total.numbEr;'f
AN " since October, 1957, measurements of the geocentric

'fvelocity of meteOrS,byjthe'diffraction‘technique'have_beenj
carried out under the direction of B.L. Kashcheyev IR

the 3 = 8.1 meter wavelength of the angular altitude of the
reflecting track (with the aid of reception on two half-wave
vibrators located at different altitudes). SRR

: " By means of rader methods, it is possible to deter-
mine an entire number of various perameters of the upper
atmosphere: wind velocity, pressure, coefficient of ==
diffusion, the altitude of the homogenecus atmosphere,. etc.

" Over the last forty years, Soviet meteoric astronomy
has -developed & varied and extensive complex of investigative
techniques. = At the present time, instrumental methods .are
being widely and systematically utilized in the solution of

(Khar 'kov). @ Simultaneous measurements are carried.out on.

_the basic problems of meteoric astronomy.

3. Conditions of Meteorite Precipitation

\The,study:df ﬁhéfcosmic cohditionS'offmetéorite pre-

,ﬁfcipitatignjrepres§3t51a:problemfwhich;overlaps»both_
meteoritics’ and astronomy proper, The state ofthis.pro-

blem is exgmined in the article of Ye.L, Krinov'included in
the present collécticm. = For this reason, weé shall limit
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ourselves ‘to several remarks of a general cosmagonic: and geo-

physicalVéhé?acter,gJ'Tﬁ'giﬁteﬁSity of the pulverization and
evaporation”of metepric]bodies?in¢thefatmosphere:isst“great,

that in all prbbabi;ityfbh}yfthose,méﬁédrites which have small
initial velqcities relatiVéﬁtoutne‘earthTactually do reach the
surface of thé earth, = The greater”partvof*the'm@ss,OEwé;

" meteorite evaporates. during its motion through the atmosphere,

E.-,_,,‘=’sc>'*;tk1‘e.ﬁl;}'fpj,'q_‘l,y‘~f"1‘1,_:1-F;’s'.i;sé;'zi_'l;:E"i’c‘:.atr:zt‘,..np‘Qxf-t',”:'L__orxj‘c;):féfJ:h‘eLox'.’Lginal‘mas"s;_
W getually reaeches the earth;~»wWhiléf§tilln;g,the.atmospbere,

'»meteqritgsﬁusuallyA1QSe’th§irmvelocity whiel they ‘had while

travelliﬁg*thraugnaspace.“and{fall on the ‘earth with a con-

~ stant velocity on the order”of\lQO-35OHmétersﬁg@ﬁ[second. de-

pending o their mass_andidimensions,’éﬁﬁ forming small in-
dentatidhs'ohrthefearth's;éurfaqé where-onﬁ»usﬁally‘finds
. them, .There are individual cases, however, wheregin-meteoric

' ?éollisionSfWith'the_earth's surface took plade &t velocities

‘of over 4-5 kilometers per second. In such:insténcesy a

. ghock, wave radiates out from the centér of metesr impact, as .

"“frqmuéfdetbﬁation centery which-destrd?s-rockifbrmatipnsvover

-a certain’ aréa .and transforms them intqﬁa»highly~bqg¢entrated
- §8Sa: ‘The sudden exparisién of this_gasfhas-anyexplqsiVe ef-
“fegt tens;of times greater than wouldfresﬁlp5¢Weréfthé falling

" meteorite to consist of-§omefexplOsive‘materialggsuchaas

TNT. (see "the article on meteorites). At the point of impact
of such & méteorite, there isrformed'a*hnge.fUﬁhqﬂ“Shaped
. erater., TEThé,destructionfresultingAfrOm the météorite is in-
tensified by the shogk wave travelling through.the air, which
propagates with great fOrcevalong'the.trajectOrY/of‘the, ‘

meteoritets flight. - Lol RTINS SR ‘
These consideérations. are of especially great dimpor-
tance in examining the conditions of flight and -impact of the
enormous crater-forming Tungus meteorite 6n 30 June, 1908.
A comprehensive description of the fall of this remarkable
meteorite was published b T.S. Astapovich and later by

“Ye,L. Krinov (see the article on meteorites). on“the basis of

- vdata. eollécted by, the expeditions dispatched by the USSR
- hesdemy of Sciencés -under the selfless direction of L.A.

Kulik, with the participation of Ye.L. Krinov, V.A. Sytin,
and others. - The.enormous explosive'phenomena_observed
during the fall of theé Tungus meteorite, comparable only to
the effects of a sudden volcanic eruption, lead one to sup-
. pose on the basis” of -the theory ofzdestructive"action by

- "meteoritic impact that the Tungus meteorite itself underwent

’ﬁ:inteﬁsive'fragmeqtation-and,pulve:ization. :
s T The: Yatest.fgll of a'lafge-meteOrite,uwhich took place,
“on: 12 February;;l9ﬁ7,*in the Fa;_East;~the'circumstances sur-~

rounding which were“glmOst-immediatély;reco;ded on motion
victure film taken frdm'theaai:fand*on”the earth, provided an.
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 interesting body of factual material on the question of the
 formation of meteoritic craters, BT B

© . - It would not be out of place at this point to mote -
‘the drawing together of the two. scientific fields of '
meteoriticsand‘meteoric«astronomyAWhich has teken place over
the last few years, since this was a natural consequence of
the expansion of research in the two fields,  Selentists are
i-now‘firmly.eSthliShihg;thé singleness of the origin.of the
‘entire family of small bodies in the solar system, &as a

Jresult of which in the next few years one can expect the -
adéyelopment'6£§¢b~opérative~studies by.gepchemists,vmineralo—
gists;,and,ésthnOmers,Jdevoted.td meteoriteéi”ahd;maY»await
,,great,achievement§~in the study of the nature of meteors.

%, Meteors and the Upper Atmosphere
o ‘ﬂﬂ;iﬁe;fifétFéttempts made in our cbuﬂtxyftqfétudﬁ,the
. perameters of thé upper atmosphere by means of meteoric -

methods were,begun in the 'twenties. The 'first instru- -
_-mental observatitns for the determination of the ' physical

‘properties of the*upper atmospheric layers were ‘employed in

1932, - At the present time, photographic methods: are sys-

_ temadtically tsed :for this purpose. T

Ciet ﬁThejphySiCal,theory of meteors is of especially great
importance in the ‘processing of experimental materials. - In

the USSR the most“comprehensiveubtudies'ipﬁthis.area were

. ecarried out by B.Yu. Levin, T A

. 7 'The physical theory of meteors in the earth's atmos-

. phere, devel@ped~by-B.Yu.,Levin,(1939“l94l). permits .one to

.. form a general picture of phenomiena whith take place during
.+ the motion of meteors through the earth's atmosphere.  This

" theory is based.on the analysis of two basic interacting pro-

cesses - evaporation, and the deceleration of the meteoric
body.  Theé air current tears off many of the molecules'from

'R  the meteor, which form the cap of the latter,: ..The =

 permeability of the evaporated molecular cloud (eap) is sub-
ject to’ considerable changes during the time of the meteor's
travel, and this fact complicates calculations of the de-

. celeration. The shielding of the meteor by the cloud of
evaporated mclecules has to be taken '‘into account from the

-ifﬁ very point of initial inflagration., = The greatest fall in
" the velocity must take place near the end of the trajectory.

“‘Thefloss'of:maSSLby‘the-meteqric'bpdy'proceeds>at a very
.. repid rate, and.even st -the smallest -possible veloecity
s@-unts to’ 9/10 -of the initial mess, - Tr
" .- Meny problems in the physical theory- of meteors re-
quire experimental study. ‘0f special importance-in this
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connecticn are the complex photographic observations of the
.altitude, velocity and character of radioactive emission of
A The_moSt ;mportant¢typesjo£gmayerials.in;ascertéining
facts of the latter variety are Spe¢trograms;;'SAffirété :
class example of an-anglysis of.the photograph of a meteorie
spectrum taken on 12 Augustﬁﬂl907,‘waﬁﬂpr0videdﬁinﬂl932iby
S.N. Blatho;'whbfmadeua"careful spﬁdy;Q£,prism distortion
and carried out two variationd of ‘galdilations for:the values

of the 1line wavelergths, -~ AlL 6f the liries ‘in.this’ spectrum
- ineresse in brightness duringffh@ﬂsééond'half;pffthe,flight.
 Of the 18 lines, 6 can most probably be ‘identified with
. calcium 1lines, while 2 are apparently __niagne‘sium_vlines;:-“i.“i“"fi-- ,
T 0f‘great interest is the spectrum of a bright.meteor
taken on 12 August, 1934. - Forty-seven emi§sion lines .stand
out clearly in the spectrum, ‘The 2 brightest-ioniged.
calCiUm,Iine§-appéér;thrdugh@utwthe,pathnof the meteor,
while”the'rest,vbelonging,to'irOﬁf'Chrdmiumi aluminum, and
nickel;”are*éxhibited:iny\towarduthe[end,of the trajectory.
R dar'ObservationsjofqmeteorS'algb“gén_befused for
determining  the physicalaperamepers“Qﬁ;ﬁhe”gpperjatmbsphere.
. The determination of the diffusionfcgefficiehtijr4mgteoric
. layers with an:electg n density not exceeding D<10le
‘electrons/céntimeter *may‘be-carriédvoutnquiteweéSily;,' At
-the.sameatime..the-change;in the:difquidn”coeﬁfiqiéntvwith
.altitude permits orne to draw conclusions as to changes in -
= the.pressure;~and'tO-determinehthe;altitude of “the homo-
‘geneOus'atmosphere‘With-afsuffi¢ient Qég:éedof;préciSion for
_practical purposes. .. sl - e
- . Caleulations of:the diffusion coefficient showed that

»-within‘a“definitévaltitudeurangetthe,maghitude’Of the latter

-changes éxponéptiélly;a;;The'greater,thepvélpcity ofsporadic
- meteors, the wider this altitude range., .. The magnitude for
e thevdifiusion'coefficient.measuredrby,B;L;;KaShbheer' j
- {Khar'kov, 1958), turned out to be~appfoximate1y‘l;é*times
greater than ‘the value obtained from.dats received inm
. -England and the U.S. - This result is fiilly explicable, if

. one takes into account the fact that.the measurements of
‘pressure by means of. rockets,-at_altitudes -of '80-100 kilo-

1'3peters;shcwed~théfpressures to,bg{lowe?}thanfwdﬁld*fdllow'
.ffrbm-the"meaSurements:carri@d;putgiﬁ.ppE”U,S;.gnd”inf

',The*altitudé*of:the hoﬁégéﬁébﬁé?éfmospﬁére.*céléu#

" 3ifed with the sid of the diffusion Eoefficient, is equal to ,

Cf16;8fkilbmeter31forwanialtitude»of'abbut 9O?kilbmetefs. The

irst”measurementsaalready,Showedfthe'presénP?:Qf-périodic
...components 1in the“ehanges'quthegvelocityfcbmponénts:along

. the §-5 and E-W divections.  The pericd is equal’to

12
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approximately 12 hours,: - LA R ST R
- The metedyib’ionizationﬁtracks;Which;are;the object
of radar observatioﬁs;‘also'permituratherfprolonged visual
 observations with the aid of telesdopes or binoculars.
~ The jonization tracks’as. they arise have'a diameter On,ﬁhe
" order of several hundred meters, -~ Arising in the rarefied
layers of the upper: atmosphere at. an altitude of about
,82*90rkilométéré*:thefionizatiqn‘trgéks‘sQread‘bﬁtiat,a ;
diffﬁsion“ratekqinhqaless.than'10‘méters/5éhbnd; o
j"~fﬁiThe&‘@ahh§requ§ntlygbefSeehfWith the ald of a; tele-
- sgope for 5, orieven lO;‘minutes‘after‘the'flightjbfﬁthe e
meteor. Theé tracks are quickly deformed, collapse into -
ring-~shaped forms: or puffs, or else simply diffuse.;: Drif-

' Jting“along-with»the*high—altitude air currents, the track -

pernits a determinationto be made of its direction and ..

.- yeldeity. " "The predominant motion takes place in an easterly

 girection with a veloelty of about 70 meters/second. - In: the
evenings the ‘track motions become more intense and irregular;

' after midnight, there appears a sharp: predominance of .- .

directions toward the east and a general drop.in the drift
velocities, - L e E T T Lt U R

" The change in thé character of track motion with solar
time was 1likéwise confirmed by I.S. Astapovich.: .He explains
the deéréased drift velocity after midnight by the temporary
-cocling -of the-upper ‘atmesphere, and connects the track drift
peculiarities with the solar component of the daily geo-
magnetic ‘varidtion ‘and the course of solar activity.  : The
silvery clouds: regularly observed ‘in the Northern Hemisphere
in the crepuscular light of the summer -sunrise, which are

" possibly connected with the cosmic clouds of meteoric dust,

represent another .object for the study of air currents'in the
upper atmosphere, but at the lower altitude.range of-30-83
. ‘kilometers. - The .silvery clouds in general drift with a
-veloeity of the same order as the ionization tracks, but.in
‘a westerly direction, that is in a direction opposite to:that
of. the meteoric tracks, and they exhibit a velocity decrease
after midnight as well as a change in direétion in the course
of solar time, = c - Lo e P

"2 ..h11 of this testifies to ‘the presence of a closed .
.giroulatory system in the air masses of ~the“upper atmosphere,
“Peking intc account the rotational acceleration of the-earth,

Uit might be assumed that in the silvery cloud layer (80-83

.kilcmeters), air massses are displaced underthe action of a

+.” ‘Porel directed from the pole to the -equator, while at higher

“ﬁaitituﬂ¢sg'in~the=ionization?track layer (8390 kilometers),
the nasses move in the op;ositeﬂdirection;‘.sThinsystem;
of strotospheric circulation is undoubtedly complicated-by
the fresence of local baric anomalies and, in particular,
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by the action of photonic pressuré. as,well;as_eleptriqg;_,
and magnetic forcesgaqt;pgiip,tgeﬁrgrefiedgmedium,@f-themd~
upper atmosphere on:the paptipleSLWithiﬁgygg;ioniZation o

tracks and the silvery elouds. -
.; ff'f  5;;1g Hé'”ﬁf'.
| The heliccentric velodTty

\fbi}meteoréfWhichﬁdetéx-VT,
mines whether or not they belong to the solar system, is '
determined.by=theg$ollqwing;methodS{'Ll),corygspOQdingfob—
seFVations;ﬂviSualtorgprtographié;j22).peribéic?regurrene
cesiof elliptic meteeric streams; '3) the metho of ‘numeri-

¢al daily variationg: lt) -the visible displagement oF -

radiantss: 5}“theaCOn@eCti¢njbetWeén‘géoceﬁtripTV61Oéiti§§‘
and’ the obgerved altitudes.  A11.0f theSegmethods-wepehtes-

\jﬁtééjinrvarious-projects,carried out in’ the USSR,

V.h; Malttsev, using a combination‘of methgdéifﬁifénd

*(5)-f0r determining the veloeity and ofbital “elements of-the
Geminidsysobtained  some Very interestinggresultsszETénff‘

vears in advance of the photographic observations carried out

by Whipple in the U.S., Mal'tsev showed that the Geminid -

- | stream moves .around the .Sun along an,elliptiga}fbrbit;~éﬁd’

.- " must. be of necessity a periodic stream. " ..o
meo hogreat deal of attention has been devoted ‘in the

- :.ysSR .to the general study of_radiants;”SYStematié'Cataldgs

of which were.published by .V.Ah. Mal'tsev, N,N, Sytinskays,
h.Sh. Miazaferova, L.G. Yeliseyeva, and others, - 4 cal= ©
--culation. of -the ﬁheqrgticaljcpmetarY‘radiants;anqvaff;}ﬁx
comparison of ithem with the meteoric radiants was_carried
‘out by K.D. Pokrovskiy and.G,A.VShayn,;and;reCeﬂtlyfby S

‘. Ye.,Ns Kramers  -this work was to -be of special value to future

;research. . -Ye,N. Kxjamer‘fpublished“a’catalog;_,of_the"280‘fi

cometary radiants which he had calculated, encompassings’
:“comets.(both'elliptip,and]parébolic) observed up~to;l9&8¢in~
 elusively, whose orbits pass at.a distance of. less than 0.3
. ‘astronomicel units from the earth's orbit,. . This work in-
-.¢ludes data on similar,mgteoric‘radiants‘acéqrdiﬁg;tg_thé
catalogs of Astapovich, Denning, MabIntosh,'Mal?tseV;:,+f
Sytinskaya, and others, and also gives a,survey;of'methods
. for finding the points of closest approath of orbits and the

.- calculation of cometary radiants. “I.S. Astapovieh, having

“compared his unpublished catalog of meteoric radiants with
. the catalog of Kramer,,discoverEdfthat]therb'wgpef26“5treams
f~5(including;th@;main,activeﬂstreams)‘connebted?withféometsy
.- -« " The problem of the ccnnection“betWepnﬁméteoriﬁjstreamy
and cometsy” however, cannot be simply reduced” to an‘identi-
~fication of .orbital elements for both objects., ~Even
Bredikhin,held‘toqthe_QQngept]of,a“suddeng catastrophic
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character in the evacustion of meteoric acdumulations from -
_comets, ~ This hypothesis obliges one to find points of |
V~mutualfinterseetionfiﬂVthe‘beitﬁLQ£Jmeteoricggtreams and ¢
comets, suggesting the thought that it, was at- précisely such
points_that,thé.disgipat16n~0f"a;lérgekaggregate’Of,small .
‘bodies into small ‘Agourmlations had teken plade, ~ In.order
to achievejthis'eﬁﬁ;‘it_was'Sdggested‘théﬁJétﬁdiesfbéfmade"‘
ofthe diSt?ibutiOn'pf“the.polés of‘thejorbitsﬁbeing studied
over the celestial sphere, located in the:case:of the inter-
sectionﬂofsthetlatter_along‘the‘lesserﬁgirCles;gianothef\'
alternatiVe]suggested]was to use the Tisseran eriterion. .
T 8,V. 0rlov and T.V, Vodop'vanova pointed: fo:the exis-
" tenge of several comet families having intersecting orbits,
which must . have been formed as a consequence of''the catas~"
trophic disintegration of a primary body-at their:point of
orbitalﬁinteréection.‘4AI.S.-AstapOVich&connectS’onevof’ﬁ”*
these families (comets 1748 II, 1790 III, 1844+ II, and
l9ll¢VI)jwith‘meteorites_and‘meteorite.streams,ﬁsuggestingf
that,theQQOSmic"cataStrophe'which«produced them:took place’.
some time in the middle of the eighteenth century. = = ..

el One of the basic problems of meteoric astronomy has :
to do with passirng on from the’observed‘picture[bfiméteoric
pheriomena to concepts as to the. true distribution of ~ .- .
meteoric matter 'in cosmic space. B.Yu. Levin worked suc-

cessfully on this problem, .and established that the geo= " |
centric velocity of méteors considerably affeqts,the’cdnf*
ditions of their visibility.  He drew a conclusion on the
dominant role of sporadic meteors in interplanetary space
and made an estimate of the special density of meteoric
matter. This estimate was connected by the author with the
positions taken in the cosmagonic theory of 0.Yu. Shmidt on
the formaticn of the planetary system.

Finally, the complex of small bodies in the solar
system includes the cloud of meteoric dust concentrated
near the plane of planetary orbilts, and visible from earth
as zodiacal light. The photometric studies of zodiacal
light carried out over a many year period by V.G. Fesenkov,
were generalized by him in a number of works, in which he ‘
establishes the connection between zodiacal light and meteors
moving along elliptical orbits, and presents the theory of
the dynamics involved in the phenomenon (see the article on
zodiacal light). . ,

The meteoric matter which produces zodiacal light is
periodically renewed as a result of the precipitation of
meteoric bodies on the Sun under the influence of its
photonic pressure. The new masses of meteoric dust which
conmpensate for this loss testify to the mechanism of planet-

sry Cisintegration which is taking place in our time. The
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source of -this disintegration3bonsists~invthe¢explosive,action
of cosmic collisions (for example.jbetweén,meteorités“éndﬁj:
‘asteroids, or hard masses ofﬁhéterial:withih}cometary1c0ré39,
that take place at a rélativeﬁvelocity,df-derrB—szilometers/
second, At 4 relative“impathVelocityvef4501kilomeﬁers/,-A
second, the mass of the totally destroyed -asteroid or . '

metecrite can exésed by a fattor ‘of 10,000 the mass’ of the -
-¢olliding meteoriﬁjbodyi;ﬁv“, L ey e o

-_,_h=Simu1taﬁthély,w,th the,inevitable,frégﬁéntétiQﬁgof'
blocks;cf:go;idiiiédwmétter,ih‘the*sblar system, that is '
with,the‘disinxegﬁatibn“prOCGSS,’thereﬁundoubﬁedlygtéKeSifj
placeJa nevefsefpfbcess“Qf“meteoricumatter,concenﬁfationxbn
the large planets, ~ This process of concentration is aided
by the strict regularity of motion characterizing the major:
portion of the mass of meteoric matter in the solar system'

moving, like the planets, along regular paths. ' ¢
... Thus, meteoric matter takes .an active part in the -
evolution of the sglar systemj furthermoré, this partici~
pation is made manifest in different ways.at various .stages
in the existence of this 'system and at the diffefrent locations
' withinnitfﬁfwThere”islajneCGSSityyforrfurtherusufficiently:
extensive,and.théroughtstudieS”of the nature of meteoric
matter and its. interaction with large. bodies in ‘the solar
system., - The results of such studies will be. of great im-
portance to .the ‘expansion of our concept as regardsithe ‘'
general features of the process involved in the genesis and
development of a1l bodies in the solar system, 7 7
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